hypothesis where community structure relates to variability in abiotic factors (e.g. 91 disturbance) with species partitioned according to abiotic constraints (Macarthur, R. 92 H. 1958) . Community membership will therefore be restricted to those species 93 possessing a particular set of functional traits ( heterospecifics but they do so in a manner reflecting the patchiness of habitats that 107 promote fitness. These hypotheses can be termed 'surrogate hypotheses' as they are 108 assessed through an examination of patterns in data rather than by controlled Weiher, E. et al. 1998). Analyses are based on inferences as to whether an observed 116 matrix differs from those produced by random processes or from a known ecological 117 mechanism. Investigations of these matrices have led to the analysis of empirical 118 patterns in species distributions and the development of ecological hypotheses for 119 community organisation, including the community assembly rules of Diamond, J. M. 120 (1975) . However, it is not clear if it is possible to use such approaches to discriminate 121 between spatial patterns caused by species interaction and those caused by affinities 122 for particular habitats. An alternative method in modelling biotic interactions is to 123 restrict the distribution of one species by including the abundance of another as a 124 (Royan, A. et al. 2013 ). We therefore paired river bird occurrence data with variables 199 that quantify each of these environmental factors (Table 1) We calculated mean breeding season temperature (°C) and total breeding season 220 rainfall (mm), with the breeding season defined as April to July (inclusive). We chose 221 to use climate variables calculated during the breeding season rather than annual or 222 winter variables as they have been shown to be better predictors of bird distributions chains for 100,000 iterations with the first 10,000 discarded as burn-in and the 280 remaining samples thinned by a factor of 10 such that 9,000 samples were retained for 281 analysis. We used vague normal priors for all model parameters (mean = 0, standard 282 deviation = 1). 283
We characterised the composition of river bird communities by converting the 284 matrix of species occurrences across the 100 river locations into a binary dissimilarity 285 matrix and by then using hierarchical cluster analysis, with Ward's clustering, to 286 create a dendrogram that illustrates the clustering of species occurrences. Non-287 parametric analysis of variance tests (Kruskal-Wallis Rank Sum) were used to 288 investigate differences in the distribution of residual correlations between species 289 within each guild identified by clustering. 290
Results

291
Probabilistic modelling of species co-occurrence revealed instances of positive 292 (species co-occur significantly more frequently than expected), negative (species co-293 occur significantly less frequently than expected) and random species associations 294 (observed frequency of co-occurrence does not significantly depart from expected). 295 Positive associations were more common than negative associations (Fig. 2) . Because 296 the geographic range of all 19 species encompasses the whole of Great Britain, all 100 297 locations were used in the analysis of 171 species pairs; 42% of species associations 298 were positive, 11% were negative, and 47% were random. This indicates that the 299 species composition of bird communities largely followed non-random patterns of 300 community assembly, although random co-occurrence patterns were prevalent. 301
The output of the JSDM revealed that these pairwise associations could be 302 largely attributed to shared environmental responses. Species' responses to the 303 environmental variables were highly divergent, with both strong positive and negative 304 (e.g. R > 0.7 and R < -0.7) environmental correlations occurring (Fig. 3) . The range 305 of residual correlation, however, was comparatively narrower and tended to be 306 positive. The strength of environmental correlation was considerably greater than that 307 of residual correlation (Fig. 4) ; where both environmental and residual correlation 308 were positive (n = 110), environmental correlation was stronger (i.e. closer to 1) in 83 309 of the pairwise associations, and where both environmental and residual correlations 310 were negative (n = 23), environmental correlation was stronger (i.e. closer to -1) in 20 311 of the pairwise associations. 312
Hierarchical cluster analysis revealed that the communities can be 313 decomposed into three guilds, whereby species within each guild were likely to co-314 occur due to similar environmental tolerances (Fig. 5 riparia]). Further analysis of the residual correlation between species within these 328 guilds revealed additional complexities in species covariance patterns. Residual 329 correlation was significantly higher between species within the riparian guild than 330 between species within the slow-flowing guilds (Kruskal-Wallis: χ 2 = 15.70, p < 331 0.001) (Fig. 6) . Here, we analysed co-occurrence in river bird communities across Great 346
Britain and assessed the degree to which patterns could be attributed to shared 347 environmental responses. This allowed us to test alternative community assembly 348 hypotheses: a null hypothesis of random assembly, environmental filtering, 349 interspecific interaction, and a pluralistic model of assembly. However, our discussion 350 is not limited to mechanistic models of community assembly but we also consider the 351 influence of the filtering of species from regional species pools on community 352 structure. We found that species co-occurred more often than random and that co-353 occurrence patterns were primarily explained by shared environmental responses. 354
Species co-occurrences were strongly related to the environmental predictor variables, 355 whilst residual correlation was comparatively weak. These findings suggest that 356 environmental filtering is the dominant mechanism operating to structure river bird 357 assemblages and that interspecific interaction is reduced to an ancillary role. community organisation may be more appropriate for some avian taxa. Riparian 391 species such as the common redshank, Eurasian oystercatcher and northern lapwing 392 forage in ephemeral patches of habitat. It is plausible that competition amongst these 393 functionally similar species for transitory food resources is likely and that this would 394 lead to segregation (MacArthur, R. and Levins, R. 1967). Yet, co-occurrence between 395 these species was observed to be positive, suggesting the operation of an alternative 396 model of interspecific interaction such as heterospecific attraction. However, positive 397 residual correlation could also be caused by an unmeasured variable for habitat 398 quality which might influence species distributions. It is possible that the habitat, river 399 flow and climate variables used to model species distributions did not fully capture 400 variability in ephemeral habitat patches, which are utilised by species such as the 401 Eurasian oystercatcher and northern lapwing. It is also possible that an enhanced 402 influence of interspecific interaction might have been detected by using abundance 403 rather than presence data as there is some evidence that mechanisms underlying 404 abundance variations occur at community scales where species interaction is greatest 405 Interspecific competition between the sympatric riparian species in our study is likely 418 to be reduced, in part, because of the disparity between body sizes which allows for 419 different foraging strategies and the exploitation of different food resources, thus 420 facilitating co-existence through spatial niche separation (Leyequien, E. et al. 2007) . 421 Furthermore, temporal niche separation, as exhibited by nocturnally foraging northern 422 lapwings, may also enable co-existence. 423
Patterns of random co-occurrence were relatively prevalent amongst river bird 424 communities. There are several reasons why such patterns might be observed. First, 425 random patterns of co-occurrence may indicate a strong influence of the filtering of 426 species from the regional species pool which may be greatest at locations with lower 427 productivity and reduced competitive exclusion (Houseman, G. R. and Gross, K. L. only using survey locations that were visited on several occasions. 446
In summary, co-occurrence patterns were primarily driven by shared 447 environmental responses. We found limited evidence for behaviour-driven 448 assemblage patterns in bird communities at a relatively large spatial scale. 449
Consequently, by underestimating the prevalence of shared environmental responses 450 studies based solely on analyses of null model matrices or probabilistic models may 451 overstate the influence of species interactions on community structure. However, we 452 also found that pluralistic models of community assembly may be more appropriate 453 for some avian taxa and that the high disturbance regimes of rivers may enhance 454 random ecological filtering of species into avian assemblages. Therefore, our results 455 still highlight the necessity to consider biotic interactions in the modelling of species 456 distributions, especially in environments where gradients of disturbance exist and 457 facilitative mechanisms such as interspecific attraction may operate to promote 458 positive associations amongst some species. Our analyses also highlight the value of 459 long-term and large-scale bird monitoring programmes for the collation of data that 460 allow for macro-ecological studies of community-level interaction strengths. 
River flow variables
